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AMF (L+D+A) . [45% ] AMF 1 DSE FJ L) [R5 58 FORME R ; Hemh B AL B 3 i TRtk m S AR, Hop
L+ D AbPURCR AT, MRS T EMES 9N 86.25 cm, 41.893 g H4, L+ D AMF T HE AL B MM 2 F . GEn
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ARG SRR s Iz —. [ BEABFREER ] M
MR E T ( Arbuscular Mycorrhizal Fungi, AMF )
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R LR EEVE A AN RS ( Funneliformis mosseae ) i
TP L3 R A 3 15%, HAFh &30 50k
T, REfedER R AR R W, BT Sl i 7
AR R, B AMF & dERS A8 e rp 22
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PN SN ] BRI T IR A PR P 22 I BT . S PR AR
E AL, DSE 518 BTN EIAERER,
et EWRIA . BocE, W Ay E, e
5 ERPLETE (PR PLIE. LESRYE) PR
/1, Vergara %0 Wf5¢ &8, DSE 7EfE /K 2k
Koo ARHESTBERFR T (JUHE A N ORI P IR
Ay sasE ) Jr i B AR AR S 115 Narisawa 55
#E—B B TE T DSE RBAERE M b A Ml . AL
AL A LA K DSE 7€ B AR AL E SR IE A b R ¥
BAEFHE, T AMF 8 DSE i BiA: S IhRELL
1148 F B RE RPN, ©AT 2 BIBFFE R0,
(R 35 SRR YA ) e %) A B A 2 o A 7T 4/
PR A S PRIT IS DA R B TR FIR €0 A7 i PN A FL TR 2
AR TR RN EET . RY . BITARSE %R
LA R VE R Z B, 250K, AMF +
DSE ZH & A FEAY MR A DSE AU ERE B . bR, 22
FL. M BRI R, Sk B BT
fl AMF B2 DSE Zb 3, Ryt — PR K AMF
1 DSE P[] A% Az BA: 253808 BIVE HIBLH B8 2 Lt
[ ABRTA K ] HT 6> AMF #1 DSE WU 1 %
SR 0 RS AL RCR I B A R A 5T, DA K AMF 5
DSE X} #2 = R AE R AR T g E R 1. [ 4%
PRIF) R ] 7% S5 19 i L AT A B B S o 2%
O SRR A B A e AL RCR R, R R v e
I A 2N R0 R A 6 B Bl A 4 b B R SRR 5

WA
1 #MR5R%
11 it

AR AE P EA R (b)) B E R
0% il AT AR, 8 R H] AMF I DSE
B FR 0 500 Sk FE PE A AN B2 B ( Funneliformis mosseae,
FM) FIBEMSAETE ( Alternaria sp.) , YIHASZEE
PEPrAS . Hrdr, AMF B 688 0715 R EE TS A
PEFGEHED 2 K VD BT FORAE AR T4 %,
13 B EEVE AN BERE RN o BE VU AN AR
HRONR 22 PR Y miBe, HL 3B 66 > gt R
RN 85%, WLLKEN 4.66 mg'; DSE Wil 4
JiiEh, # DSE WikkiEFZE PDA FfAsEFRIL, 28 C
RHEEIE RS 14d, 193] DSE Wk, WM T 1E
DSE W #% FI—AWPF, SR E T MMN AR+
JE, 28 C. 170 rmin' FEHH5FF 15 d, 193] DSE £
FrW . 1 mL DSE 5% ¥ 4L DSE @tk ) it
i M 3.11 mg.

HEREOK SRR SR 28, AR A T
A vt A 40 AN 52 ERE AR A1 RS 1 R
K ALHE IR R L (0~20 cm), HHEXT
JEid 5 mm i, A R AR ERA M o 0L AR 1
ERNC B EE AP AL T B IR AR K E S, AR KR
11 H .

x 1 IS DRAEARIBUMER

Table 1 Basic physical and chemical properties of the experimental soil

- HHUR (gkg) 2H (gkg) SR (psem™)
p Organic matter Total nitrogen Electric conductivity
8.33 22.17 0.15 173.6

1.2 It

RSN A, AR T R AT R R 2R
KK BT 5 kgo BRI —Z00) £ KFh ¥
ZWEAUKIHTEE, SRJA7E DSE BRI 1d, Heah
P FRFPF-WIAE KT DSE B IR AR R B R) Je
FERP, B RERD 3 KL, M AMF FF)4 100 g, #F
R 5 A Y R IR A A R R R T A
Z b, MEHEEZ 5 em BYRE T, HAERDN 1
A H AT O A, BT 1 em KEERYRISS,
RS gMBABERZ L Sem il it HIRAE N
N (NH,NO;) 100 mgkg™', P (KH,PO,) 30 mg kg,
K (KNO;) 150 mgkg'.

IR 4 A0 FE, 3o o it AT (SR +
KiE AMF H7 + K% DSE WIRIENL; L) . S0 +
AMF ( Z¢0E + AMF B + K% DSE Wil ; L+
A) . 2B+ DSE ( 848 + K3 AMF %5 + DSE &
Wi ; L+D) FIZAE + DSE + AMF ( £/l +
AMF # | + DSE W ik#iZil; L+D+A) , B3
BANER, Mol 16 4, KHLHE.

WIS E HOBRE il AT, FRAEA KA RRE
YERE 18 ~ 30 °C, AAROEHRRTE] 10 he TR A
FERL 1R
1.3 MERRSHE

FARAK 60 d 5, S nSCE kb b AT
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#B, Hoh B A RO sk, IRREUET
Hre5 . AMF 1243 Fl DSE 12 Y 255K FH Bl 55 —
PRt S LT YL i 0, SR B BRI 1R AR B
B, IR AR R YR Zhk R IEEN R IR AR
T, i 2 mm 5 BT HEACVE T E, 3 pH H
(KL 2.5 1) FIHFRABAE OKEL S« 1);
AR YL e AR AU RUR i 42
TS A BTSN S 5 A BT R FH 5 TR R A A i
SE; REER FH 2R B — S R A e 3] sz 0
1.4 BESHTE

LA T 3 FES 1 ) PR 880288 B SR 88 A 3 43 i) R
A (1) A1 (2) ki

K, =Y/(X,+L) (D

K, =X +X,)/Xo+L) (2)

Ki: K, PSR HRCR,, K, A EARE L
Y WM ERNEREGE, X, LR
ERTE, LABNE2AEE (0633 mgeg!) , X,
RS FE A A S, X, WA RS A

o IR A IR U8 B s 8T Excel 2010 #E4 7341

FbSEZTTR; SRS ATk SPSS #fF#k 4725
SR EHAT SN R T 238 (Two-way ANOVA )
(LSD ke, WEM2E5/KFREN 0.05) .
ASCHEAR SRR AT AR DUT 20,
FRTTERE (%) =
B AR b Al e — % R AR TR AR 20

R RS br 2 x100%
2 ZHRESH
21 FREHELEN ERRAEHEERREKN

A

M % 2 A 0L, HUitE R A AL B A 1K AR R I9A
AMF F1 DSE &5, FWIHR -1 e e + 2 1 wR
ELRH ARSI ;. R AMF A3 KA R AR 2 5
R EWE T HAEM AMF 2423 ; L+ A4S
L+D+ALEE, LAMEES L+ D AbFE KA HAR &
SRR ITC B 25 5%, RBHHEER DSE X £ oK 1) AR
SETEIC I E R (P <0.05) 5 $£8h AMF fifi TR AR
Z DSE EHRMEME, (H5 L+ D AP RIAF 257
M

®2 TRCENEREERMEREKNFM

Table 2  Effects of different treatments on the colonization rates of fungi and corn growth

b3 AMF/EFE (%) DSEEF# (%) FXRBRE (em) FRA Y (gpot)
Treatment AMF colonization rate DSE colonization rate Corn plant height Corn biomass

L 39.02+3.75b 18.89+2.89b 67.28+335¢ 23.717+1.11¢
L+A 5431+3.07a 17.84+0.84 b 7828 £5.25b 29.803+3.43b
L+D 3751+ 1.15b 39.29+5.19a 86.25+1.94 a 41.893+2.49a
L+D+A 54.09+4.76 a 3485+4.76 a 78.72+331b 31.143+1.07b
AMF : ns :

DSE ns

AMF*DSE ns ns

e FAVER G AR/NG A RR A PR A B35 255 (P<0.05) o ns: P>0.05, ": 0.01<P<0.05, **: 0.001<P<0.01, "P<0.001,

H 2 2 Al 0L, JCIgJE R KPR il e ok AW
W, M EEAAEY R EREFERNERK (P<
0.05) ; FAPMIERMEEASIELE (L + D) BHBEHRE A
X FEARAERK MR IERRE M EE (P<0.05) , 8
L+AMHYS L+D+ AP E KA &SRS T
40.57% H134.52%, MEsilbEm 1 10.18% F19.57%,
FH AP DSE X FORARK BAT B E MR EER, X
FIRESE B T H AR /MBI PR 7 R W RN
FER A VLS P 5068 23 0 AE 7 AR 1) CO, HE o
HAER, RERIEEY AR, YYD
Hafmuel ) [A B4 AMF F1 DSE % £ KA K B
EEREIER, HA L+ D AE) Tk A Y ARk

T AT I F A 25.66% 1 8.73%, iS5 L+ A &b
FRAHEL, DX KA K mTE R 250, hit
AL, AMF 1 DSE [RIFHZERR G FORA K 52 iR H
2% DSE SEFH 1520 5N B
22 AREEFELEMSEREFAREMTIEREY
RN
23 AARFEIEFARA SR A LIRS HWE
AMEERAN SR, TLAEH, TEEEYERL
ST AR, TERECE AL AT DA A S
HEREERS AR (L + D) BH e A FHEY 2R
PIEHVE e N B2 (P<0.05) , B L+ A RS
L+D+ A4 2R & ma s 1T 31.59%
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54.49%, L+D 5 L+ A MY A& B EN
ZE5t; D AMF ZbBE RIS R & 8 B E S T HA
M AMF 4B (P<0.05) , L+D Zb¥ ISR
FET LA (P<0.05) , RUTEREFEFLET,
YRR Z ARG R 2R G /I, #
Flt DSE Ab ¥+ el A & 35 THAEF DSE 4b3,
EARBE R EME2E S EM A B &R T

AN SR (P<0.05) , Hi L+DAabrd+
R SR, R, M E AR LT L A
M, ATRE AR UF R AL, BOINA A S A
SRR A T 22 AT B R A LA TR AR
AMF F1 DSE Zb#xf H 48 A B & HoA Tl
M, H#T L+ DK T 14.43% f1 6.19%, {0
L+D+A, L+D A L+A =AM EEEZES,

®3 TRLCENERMIIER S SRR

Table 3  Effects of different treatments on nitrogen contents of maize and soil

b OB Y4 A (mg) T2 % (g kg™ THEH A (g k™) TR (g kg ™)
Treatment Plant nitrogen Soil nitrogen Soil NO*-N Soil NH*—N

L 367.54+£97.07b 0.040 £ 0.007 ¢ 0.161£0.021 a 0.274+0.015b
L+A 444.78 £ 74.06 ab 0.107£0.017 a 0.161 £ 0.008 a 0.326 £0.027 a
L+D 585.27+82.62a 0.085+0.007 b 0.201£0.031a 0.339+£0.025a
L+D+A 378.85+136.9b 0.120 £ 0.005 a 0.172+£0.026 a 0.318+0.031 a
AMF ns ns ns

DSE ) ns ns ns
AMF*DSE - ns ns ns

T [FFER G A R/ING PR RS A BRIRL A B 2% 5% (P<0.05) . ns: P>0.05, *: 0.01<P<0.05, *: 0.001 <P<0.01, "*P<0.001,

i 1.4 FEYXFERIEA AR S R AR 1Y
HEAR, ARIEL B E KX IR H SR FE A 5L
BEALRPEAT AL T A SR 3L 4. thak 4 T, fEfb
LR b PR i 2 S A T SR IR AR (P <
0.05) , H Mg EE (L+D) e
AL AR AR A AR o B (P <0.05) , [RIEHE
fh AMF #il DSEAL P4 L+ DAL P &g 25 P& K T
27.67%, M5 L+ AAbBEAHLE, DUJXFERAE ) A kR

JCiEMER R . AT W, AMF 1 DSE [A) i $2 %
S NE A R B 5% 4 1 52 DSE 114 52 00 5 A B 3
TP B AL BRI HE R RA R LR, R AMF Ab 3
AABELACRY & T HORERD AMF 2038, (HoARAH]
WBEMOKE, K, K ERHE, #WL+D
AbFEH LR AL A AR e SV E I iRl B3, L+ A &b
PR SR i, L+ D+ A ZFRLESEAE A
BRI A FE AR T R B AR ER

%4 FEAREHEYN AT SRR AR

Table 4 Green manure utilization rate and available nitrogen conversion rate between different treatments

L] SRAUFIHIRCR (K, %) BABIANE (K, %)
Treatment Green manure utilization rate Effective nitrogen conversion
L 33.74+11.08 ¢ 2976 +£0.20 a

L+A 5440+7.20b 3739+ 1.27a

L+D 76.50 £ 10.81 a 3.527+035a
L+D+A 5533+8.67b 3.654+0.69 a

AMF ns ns

DSE " ns

AMF*DSE ns

1 FIFNEER G AR RING AR 4 A0 H R B B 225 (P<0.05) o ns: P>0.05,

2.3 FEIAIEXT T IEEGE AR

AN [) Ak B X6 i il 5 DL 5 S 4% Fh DSE AbBE 4
SPEPR G 48 25 = T ANEEFP DSE 4b#E (P <0.05)
PR EEAR BT (L + D) BOH & R AL B 4 4
IRBEEPE R S M i o i (P<0.05) , B L+ Ak
5 L+D+ A HIEEE T 98.32% Fl 16.21%:;
L+D5L+D+A. L+AY5 L ANRGYIREGHEPERTC

*: 0.01<P<0.05, ": 0.001 <P<0.01, "P<0.001,

WS
24 TIEBRELL I HIRBREF AR

M2 6 NI, Hefh ER ALY SR T I
AT & (P<0.05) , #F DSE AP FHA
H:Fh DSE b3, (HAER W EM2ZT . 5 AR
EAR LG, RS AP TR, X AT RS B A
TE )5 HLRR IR ) i A DA 1 3380 A= W v G LS Y
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Table 5 Soil enzyme activities in different treatments
AbEE JIREE (pg (kg 24 h)) IR it B AL B DTRR 3R (%)
Treatment Urease Contribution rate of urease inoculation treatment
L 46.49+7.18b NA
L+A 41.10+£991b —21.73+296¢
L+D 81.51+3.17a 4312+2.07a
L+D+A 70.14+6.67 a 33.59+1.61b
AMF ) ns
DSE ns
AMF*DSE ns ns

TE: NAHZS; [AFEHR G AN /NG 1 2Rom 25 b Bl ] 2 A7 §

<0.001,
HAEA K. EFEE I, FAFPmREMAR
ANFIREBE AR, BEMTREZ T FE C : N ayAefe. —
BEA Ty, BURRY C = N HAFIT TORFFF o BassR
ORBIRERL, FLAEB R FORFAT BN 2 e . 3k 6
AR, FEARIRES R, b R A B BARAY C N,

(P<0.05), ns: P>0.05, “: 0.01<P<0.05, ™: 0.001 <P<0.01, ™P

B4 L AL FOR AR 25 57, SRIIFE A HL R b 1
AT 2R N R i e Bl 3R R U AN [ R E AR
SRR YE R, RSB A VLR R BE T,

B ARG b A LB S0 B, DT B e % IS B R
L&

%6 TRABHRENRSE BHMHEHEELL

Table 6  Soil organic matter content of different treatments and soil carbon/nitrogen ratio

Sb3 APLBTEH (gkg!) H T AL TR (%) TIERRALL
Treatment Organic matter content Contribution rate of organic matter inoculation Soil carbon/nitrogen ratio
L 2.12+0.73b NA 53.00+£11.00 a
L+A 3.71+£1.07 ab 30.90+3.88b 46.79+0.87 a
L+D 3.86£0.91 ab 3432+6.83b 4232+6.04a
L+D+A 443+1.23a 47.56 £4.49 a 4739+429a
AMF ns ns ns

DSE ’ ns ns
AMF*DSE ns ns ns

e NA HZS; RIFVEERE ANR/ING F AR 45 A e B 3524 5% (P < 0.05). ns: P>0.05,

0.001, R,
3 iR

A HLAE Bt P R i et T LR 1R TR K SR A R A A
REFRCR 0 FEFFA H 5t T4 8 TR AR
FHRCRR N T 38 AMF Be A3 HLAC AT 3k sh 1+ 38 4
R A SSFIH SR, $EsEenleRen,
TEAIRIE 5T T AMF Al DSE 3250 T4 )5 X 4%
HERIFHBER, LM L + D AR RN AE ) %L
R N, FW T DSE AL HER R A 7 1 1Y v
71, Knapp %02 WF5T 32 8L DSE e HEAH Y B 57
TR T .

HTii, AMF Fl DSE MG R RO B 58 70
B Z A U R R A A B R B S [ B e AN
HIRG, A T RE RS R R R SC R . TEPEAERY
KRB AMF F1 DSE & & Fa 7 HE = A 22 ik s DA S ™ i,
45 Monica 55 24 (1) BF 5N A TEAE Y Hh, DSE Al
AMF 5 P 1A RPEFM U YIAE G . DSE S hnta )

*: 0.01<P<0.05, : 0.001<P<0.01, ™P<

PR P &, AMF 57 P W15 £, MY
DSE il AMF :[FE T E K EE . AT
rR P, TR 4ERP AMF Al DSE X 5k A4 K BA i
HIVEIERT, L+ D AbFRREAR T FoKbRm . T
YRS, SUAHZE, 5L+ A AT
PEZE R Scervino ZE2 WF9E AP, 4 AMF R4
WER, WLH KT L9 DSE W s, AL
IRIYIR BE R AN R A K S T 2 & B A A
IR BE AYARISZ I . AMF il DSE {244 fidt Al % Jg ]
REZ AN S A A, 75 B A AN R A S50k
AR 2R 4 W % AMF 1 5.4 FH A9 e, fir
JUE AL AMF #l DSE Y@ 4L £k, (05
U T DSE 40409 BE v REFD ] T AMF 1H 2210 &
B, MR & ERIT EK A A — e M
F, B JF REXT DSE 4334 v A0 BF 5 ok in LA
HEM

R RAAEIE X FE S N A LA THLA,
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HAYUE G4 HRERS, HE0 AR B3 WOICR] H 9 UM
YR, FZRTHL RS EAPLIER, KEfRER
B, $EF AMF A1 DSE A D4R i A 9 6 RO & 1
W28, FEAREG R 2B, FEREFh B I =AMk
b, PR T AR R R W, AT g
Tl 4y H e EIR D s I AR B R AL FRS L ALFEIR]
BFPE T LA MY AN Ea, ULl R
PR E T RN AR IR DL K £ R Z A, JEE
[F] s AT RE R 1 80 A0 IRV B0 o) - 18 R Ak 5 T A
e fE, WD TR AN S IR E k. W5
KI, RS T EEP AR SR,
g T HIER RN R ENE, AR TR IR
XF NO,™ -N W fff il , #EmiBHAT NOy~ -N [a] T Ay
o, [, AR AT — 2 3 R A B o LT
PR HIEMA S AT LA, 5 e —.
AN, Aaf)B0 SEFE Y AMF 49 a% A1 AR A 1L B Al
A s MR R S A SRS AL R, S PRI O
BIA AT REREAR T b AR R . AR SGE R AMF
1 DSE FIZHA, AUNZEU L AF5E T $E 1 X iR —
FE AR HE Lo R R D RE , H ELARVE FALHA 75
7 s 2

4 2518

(1) e B AR A BRI 3R & T oK
thim . AYE, HESARSE. EMHERAEE
P 7 IR A S, MASELREEESS; L+
D A FRAREY) A B e, SRR e

(2) FEAEYRT SRR R A A B T
T, FEFEEASAIE ( Alternaria sp., DSE Ab¥R ) Fi%
FEE VG E W ERE ( Funneliformis mosseae,F.M, AMF
SEFR ) A ANFFREE AL FEVE T o i g Xt
HAh DSE B3R AMF SORE, AR S THY
MeE . TH . MPWEA . EYXTS AR R AA
ARUACRSE S E S A AR S R A+
S5 1R AR 2 R R AR LR RS . i,
(7] 422 Ao 1) ELAAC 52 e R g AL R A R it — 2D IR A
wIT,

SE k-
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Nitrogen Conversion Rate of Maize after Inoculation with Arbuscular
Mycorrhizal Fungi and Dark Septate Endophytes

BI Yin-1i"?*, ZHANG Jia-yu!, WANG Kun!, DU Shan-zhou’

(1. School of Earth Sciences and Surveying and Mapping Engineering, China University of Mining and Technology (Beijing), Beijing
100083, China; 2. School of Geology and Environment, Xi’an University of Science and Technology, Xi’an, 710054, China;
3. Shenhua Zhungeer Energy Co., Ltd, Ordos 017100, China)

Abstract: [Objective] Green manure is used as a biological fertilizer. How to improve plant utilization efficiency of
green manure and nitrogen (N) conversion efficiency after adding soil has always been a hot research topic. The fresh
alfalfa (Medicago sativa) was used as green manure and inoculated with arbuscular mycorrhizal fungi (AMF) and dark
septate endophytes (DSE), to improve plant utilization efficiency of green manure and promote N transformation.
[Methods] Under greenhouse conditions, corn (Zea mays L.) was used as the test plant, fresh alfalfa (Medicago sativa)
was used as green manure inoculated with AMF and DSE. The experiment included 4 treatments: green manure (L);
green manure + AMF (L + A); green manure + DSE (L + D); green manure + DSE + AMF (L + D +
A). [Results] AMF and DSE could simultaneously colonize maize plants. Both the inoculation fungus treatments
significantly increased the plant height and dry weight of maize, and the L + D treatment had the best effect, with the
plant height and biomass values of 86.25 cm and 41.893 g per pot, respectively. Compared with other inoculation
treatments, L + D treatment had the most significant promoting effect on plant total N and green manure utilization
efficiency, and the maximum values were 585.27 mg and 76.50%, respectively. And the soil nitrate N, ammonium N
and urease activity were the highest under L + D treatment. Soil total N inoculated with AMF was significantly higher
than that in the non-inoculated AMF treatment. Simultaneous inoculation of AMF and DSE has little inhibited on
maize growth. [Conclusion] L + D treatment is slightly better than L + A treatment in terms of plant biomass and
nutrient utilization, while double inoculation treatment needs further research to prove the synergistic or competitive
relationship. It provides a theoretical basis for improving the N utilization efficiency and promoting the N
transformation in soil.

Key words: Green manure; Arbuscular mycorrhizal fungi (AMF); Dark Septate Endophytes (DSF); Plant use

efficiency of green manure; Nitrogen conversion rate
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